to the habit of concentrating on how these connections act and interact so as to produce quite unexpected behaviour, resulting from the internal dynamics of the system. This concept enables us to analyse the complexity of the situation and to detect what influences can lead to the breakdown of the system. When planning audiometric rooms, they should be planned as a system. A close study of the interrelations of the parts enables us to produce a model for an audiometric system, and discover the processes which may interfere with its satisfactory functioning.
Of the many intricate relationships, one is the ability of the audiometrician to sustain the effort. The audiometrician herself is rarely considered with as much care as the machine or its calibration. Such properties as comfort, tiredness, span of attention and emotional aspects are almost dismissed as mere subjective aspects hardly worth considering. Strictly speaking the calibration or recalibration of the audiometrician, if this could be done, should be one of the most important aspects of audiometry. Ability to sustain the effort can be reduced when too many tests are required per session. There is good evidence to show that after a certain number of tests the results will become less reliable: this is often disregarded when a large number are requested. It is impossible to set absolute limits. On average, for a full threshold audiometric test in a cooperative adult, the audiometrician may need [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] minutes. When a few subjects are difficult or when children are tested the timetable is thrown out of gear.
For tests in small children, which require methods of play audiometry, additional special conditions must exist. The size and appearance of the room is critical. The audiometrician must be able to gain the child's confidence and she must be trained in the techniques of play audiometry, and more time is required for each test. For tests in very young children or non-cooperative subjects, when we rely on behavioural reactions to a test sound in free field, specific conditions are necessary. It is advantageous to consider the environment in which children are tested. The subject, examiner and other people present are part of it. A child reacts to a sudden change in the environment e.g. a test sound. A reaction does not occur with absolute certainty every time. A response depends first of all on the condition within the child, called 'readiness to respond'. This is influenced again by external and internal determinants. The probability of response is greater when a sudden change in the environment, such as the production of a test sound, occurs against an unchanging still environment. This requires stillness, not only acoustically but from every other point of view. When the sudden change produced by the test sound has to compete with other changes, for example movements of people, the probability of response will be reduced. The system concept can lead to finding out whether the probability of a response could be increased or even forecast in different situations. This is a good example of how system analysis can help in the study of conditions for hearing tests.
DISCUSSION
Dr John Bench (Royal Berkshire Hospital, Reading) said that Dr Fisch had referred to 'response readiness' in regard to the optimal piestimulus state of the person tested. In the case of infants and young children, this expression was rather question-begging because it implied that the patient was aware that he was required to respond. Clearly this was often not the case in young patients.
Another difficulty was that if the patient was 'response ready' in the sense that there was a high probability that he would produce a response to a test sound, it might well be that there was also a high probability that he would emit a false positive (spontaneous) response. What was required was a prestimulus state where the probability of a positive response was high and the probability of a false positive response was low.
Acoustic Inpedance Measurements in Diagnosis
by Denzil N Brooks Msc (Manchester Audiology Clinic, Manchester 3) Otoscopy and audiometry have been the two basic methods of evaluating the auditory system until relatively recently. Both methods have their limitations. Acoustic impedance measurement offers a third approach to the examination of the auditory system and particularly the middle ear. The test is almost completely objective and is generally practicable in the very young, the mentally subnormal and the non-cooperating patient. Information obtained with an impedance bridge may be specifically or differentially diagnostic and may relate not only to the middle ear but in some cases to the inner ear and the higher levels of the auditory system.
There are three principal ways in which impedance measurements may be used to give Section ofOtology information about the auditory system: measurement of the absolute impedance of the system; tympanometry, that is variation of the impedance of the middle ear as a function of pressure applied to the tympanic membrane; and observation of the threshold and characteristics of the reflex responses of the middle ear muscles and in particular the stapedius muscle. Of the three ways the first has, in my view, the least practical value. With the currently available commercial equipment, normal subjects have such a wide range of absolute impedance values that many obviously pathological ears fall within this range. Tympanometry has much greater practical applicability, and also provides information about the absolute value of the acoustic impedance.
The shape of the normal tympanogram is very well known. The curve is smooth, almost symmetrical, and the peak of mobility is at normal pressure (Fig 1, A) . In the presence of a simple Eustachian tubal blockage without effusion, the curve is displaced towards the side of negative pressure, but the shape remains virtually unaltered (Fig 1, B ). In this we have a method of measuring the middle ear pressure in physical units.
In the otosclerotic ear the tendency is for the tympanogram to be smaller in height than for the normal middle ear. It is emphasized that this is merely a tendency. Otosclerotics may have curves well within the normal range, and some normals have curves shallow enough to be confused with them.
In the presence of a dislocation of the ossicular chain, or where there is heavy scarring of the tympanic membrane with loss of the elastic fibres, or possibly in the presence of a prosthesis, the tendency is for the tympanogram to be larger than normal. Fig 1, C, though, as with the otosclerotic this is only a tendency, and taken by itself the tympanogram is not diagnostically specific.
In one condition, however, the shape of the tympanogram is very markedly different from all other conditions, where the middle ear is filled with fluidsecretory or exudative otitis media (Fig 1, D) . Apart from being displaced to the side of negative pressure and being smaller than normal, the characteristic peak of the tympanogram is missing in secretory otitis. The curve is flat. It is possible to quantify the shape of the curve, that is, to give a measure of its flatness. In studies carried out in 1967 at the Manchester Audiology Clinic, a 95 % correlation was obtained between the flat tympanogram and the surgically More recently Fraser (1974 personal communication) has carried out similar measurements on 160 ears in 90 children. The interval between impedance test and surgical examination has been less than 24 hours and in the series of 160 the impedance bridge differed from the surgical findings in only 2 cases. This is a correlation of approximately 99%. Admittedly the good clinician can generally diagnose middle ear fluid on examination and history, but not always. Alberti (1970) , writing about the clinical application of impedance audiometry stated 'while serous otitis can usually be diagnosed on clinical grounds alone there are some ears in which the drumhead looks deceptively normal and even where pneumatic otoscopy is of little help. Here the acoustic impedance bridge is a useful adjunct to diagnosis'. Furthermore not every child with secretory otitis media finds his way to the hospital or clinic when the disorder is in its early stages. There is increasing evidence that among children in their early years at school and probably even in their preschool years, many have this condition but remain undetected. Pure tone audiometry is used for screening hearing but is an inefficient method of determining the presence of fluid in the middle ear, as the loss produced by fluid tends to be only of the order of 15 dB. The use of an impedance screen in the first year at school, or better still in the preschool years, would probably considerably enhance the detection of early secretory otitis media, and it seems reasonable to suggest that earlier detection should lead to earlier treatment and better results.
In 1972 an investigation was made into the hearing and middle ear function of 543 children in ordinary schools around Manchester. The hearing tests were carried out by the school 699 21 screening assistants and the impedance testing by a technician from the Manchester Audiology Clinic. The results showed that approximately 5 % of the children tested had fluid in the middle ear on the day of test, and were not detected by conventional audiometry, though being very easily picked out by the impedance screening technique. Similar reports have been made by McCandless (1973), Ferrer ), Harker & Van Wagoner (1974 , and by Renvall et al. (1973) .
The potential value of acoustic impedance screening among the mentally subnormal has already been noted. In one group of these patients it has been found particularly valuable. Impedance bridge studies and audiometry have been carried out on patients suffering from Down's syndrome at three establishments in the Manchester area. The test group numbered 100 and a control group of non-mongol patients matched for age and sex was employed. Forty-one per cent of the patients with Down's syndrome were found to have a conductive deafness as compared with only 15% in the control group. The pattern of the tympanogram pointed to middle ear fluid as being the most probable cause of the hearing loss. This study and subsequent investigations indicate that the fluid in the middle ear is probably present from a very early age, but remains undetected primarily because of the mental subnormality. There is growing evidence that even in normal children slight degrees of hearing loss are likely to lead to retardation in educational development. When this is combined with mental subnormality, the effect of a mild hearing loss is likely to be much more pronounced. It seems not unreasonable to suggest that given early detection and treatment of exudative otitis media in children with Down's syndrome, a higher communication ability and a higher educational attainment might be reasonably expected. It might also be added that whereas patients who are mentally subnormal are frequently difficult to test with conventional hearing tests, every one of the mongol patients, whose ages ranged from 12 months to 55 years, was tested with the acoustic impedance bridge without difficulty.
In rare cases, bimodal tympanograms have been obtained (Fig 2) . This curve was obtained on a boy aged 6, who had a long history of middle ear trouble. Microscopic examination of this ear showed that the tympanic membrane had collapsed and had indeed cut the middle ear off into two completely separate cavities.
With the commercial equipment available at the moment both ears are involved in the acoustic stimulation of the stapedius muscle reflex response. Sounds which are generally pure tones but occasionally white noise, are used to stimulate the test ear. The afferent signal from that ear rises to the brain stem and from there efferent signals are transmitted down the VII nerve producing in the normal subject a contraction of the stapedius muscle which produces a stiffening of the ossicular chain and a change in the acoustic characteristics at the tympanic membrane measurable by the probe of the impedance bridge. Information may be obtained about the loudness function of the test ear, the middle ear status of the indicator ear and the condition of the VII nerve. Looking first at the indicator ear, it is now well established that in any but the most minor conductive disorders the action of the stapedius muscle is inhibited. Elicitation of a stapedius reflex strongly suggests the probability of normal middle ear function on the indicator ear. This is particularly the case if the level of stimulation required in the test ear to produce the stapedius contraction is not greater than 95 dB. Turning to the test ear; in cases where there is sensorineural involvement it is possible with the impedance bridge to obtain useful information regarding the presence of recruitment. In the normal subject the stimulus has to be at least 70 dB above the threshold of hearing to produce a contralateral stapedius muscle contraction. If the difference between the pure tone threshold on the test ear and the level required to produce a contralateral stapedius response is considerably less than 70 dB, this indicates a more than normal growth of loudness on the test earthat is, recruitment. A feature of the reflex response in normal hearing subjects is its persistence on prolonged acoustic stimulation.
With tones of 1000 Hz or below and a stimulus level 10 dB above the threshold of response no appreciable fatigue is observed in the muscle response over a period of ten seconds. Anderson et al. (1970) reported that in 10 cases, surgically or radiologically confirmed as having retrocochlear lesions, a marked and rapid decay of the Section ofOtology 701 muscle response was observed when the affected ear was employed as the test ear and the nonaffected ear as the indicator ear. In paralysis of the facial nerve, information may be obtained regarding the level of the lesion. Provided conductive impairment has been eliminated in the indicator ear, absence of a recordable stapedial reflex points to a suprastapedial facial nerve lesion. Presence of a reflex under the same circumstances points to an infrastapedial lesion. Furthermore, return of stapedial muscle contraction may be one of the first signs of recovery from facial palsy. Perhaps the most exciting suggestion for the use of the stapedius reflex responses has come from Niemeyer & Sesterhenn (1974) in Marberg. They reported that by observing the stapedius threshold responses not only for pure tones but also for broad band noise stimuli, an estimation might be made of the degree of hearing loss present. In the normal ear, reflex threshold is reached when any signal exceeds the critical loudness. For broad band noise the critical loudness may be conceived as being contributed by all the critical bands in the white noise, but for a pure tone the critical loudness is derived from one single critical band. It is reasonable therefore to expect that less noise intensity than tone intensity will be required to produce a reflex eliciting signal. In the case of sensorineural hearing loss however, it is hypothesized that due to widening of critical bands the number available for loudness summation is reduced. In addition the sloping frequency response characteristic of the sensorineural ear greatly attenuates the relative loudness contributions of critical bands in the high frequency regions. The net result is that the difference between reflex threshold for white noise and for pure tones is smaller than for the normal hearing ear.
If this relationship can be proved, it means that by measuring the reflex threshold for pure tones and the reflex threshold for broad band noise and hence deducing the difference between the two levels, it should be possible to make an estimate of the degree of hearing loss. Jerger (1974) set out to examine this possibility and has reported on 1156 patients ranging in age from 3 to 91, who were tested in the three major hospitals in Houston. Jerger did not attempt to predict sensitivity loss in decibels for two reasons: because such predictions are affected by the slope of the audiometric contour, and because in the area of predicting the hearing status of babies, where one can visualize the greatest usefulness of this technique, such a degree of accuracy is unnecessary. It is usually adequate to categorize the child as being within normal limits, having a mild or moderate hearing loss, a severe hearing loss, or profound loss of function. Sixty-one per cent of the patients tested were accurately categorized. In a further 35 % an error of one classification was made, that is a normal was classified as mildly to moderately deaf or vice versa. In just 4% of the cases a serious error was made, that is, an error of two classes. Close study of the 41 ears in this group shows that 35 were cases in which the prediction was that the hearing loss was severe whereas the actual result was normal. In only 6 ears was the prediction normal in the case of an actual severe hearing loss. It is regrettable that a child who has normal hearing should be initially thought to have severe hearing loss, but generally speaking no irreparable damage will be done in this instance. It is much more serious when the child is predicted as having normal hearing and found later to have a severe hearing loss. As Jerger says, it is encouraging therefore to find that this kind of predictive error is relatively unlikelyin this series only a matter of 0.6%. The test is of the utmost simplicity and generally requires a few minutes only, and no more equipment than exists in most good audiology departments.
In summary, the impedance bridge, though still a newcomer to the audiological scene, has application in almost every field. No doubt new developments will expand the range of test applications and increase the diagnostic potential. paper, where he argued in favour of impedance testing as compared with pure-tone audiometry for the diagnosis of secretory otitis, said that hundreds of cases of middle ear effusion in children had been correctly diagnosed by a combination of pure-tone audiometry and visual inspection of the ear drum long before the introduction of impedance audiometry, and that his experience with these many cases was at variance with the statement of Mr Brooks that the loss occasioned by 702 Proc. roy. Soc. Med. Volume 67 August 1974 secretory otitis was in the order of 15 dB. The majority of cases seen and shown at operation to have fluid in the middle ear had a loss of 30 dB or so, sometimes less, often more; after drainage of the fluid or insertion of a grommet a loss of 15 dB was often still present and accepted as within normal limits for treated ears.
While agreeing that impedance audiometry was of the greatest value in conjunction with other clinical observations, Mr Mawson thought it would be unwise to depend on it exclusively as a basis for practical diagnosis and treatment.
Dr Ronald Hinchcliffe (Institute of Laryngology & Otology, London WC]) said he had found the acoustic impedance bridge to be of considerable value in clinical neuro-otological practice. However, there was one particular case in which he had found it to be almost invaluable: this was in connexion with hearing losses with several componentsconductive, sensorineural and nonorganic.
The following papers were also read: 
